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institutions,	 	 shaped	 by	 social	 consumers	 and	 advocacy	 coalitions,	 and	 interconnected	
with	changing	parameters	and	new	local	and	global	markets.		
This	publication	gives	an	overview	and	analysis	of	several	dimensions	of	the	energy	field.	
The	four	chapters	in	this	publication	are	extracted	from	The Big Picture: The future role of gas,	
a	 report	 by	 Energy	Delta	Gas	Research	 (EDGaR)	 published	 in	March	 2015.	 The	 aim	 of	
that	 report	was	 to	provide	 the	gas	market	parties	 and	 stakeholders	with	 a	 view	on	 the	
long-term	‘big	picture’	of	three	potential	end	states	by	2050.	In	end	state	one,	renewable	
energies	would	dominate.	 In	end	state	 two,	 it	would	be	business	as	usual.	 In	end	state	
three,	gas	would	be	dominant.	
An	 overview	 and	 explanation	 of	 the	 three	 end	 states	 have	 been	 extracted	 from	 the	








The	 current	 publication	 is	 an	 initiative	 to	 serve	 the	 the	 Hanze	 University	 of	 Applied	
Sciences	Groningen,	where	energy	is	a	strategic	theme.	The	authors,	who	conduct	energy-
related	 research	 at	 the	 Hanze	 University,	 present	 new	 perspectives	 on	 energy	 that	 go	
beyond	the	regular	focus	on	technology.	These	perspectives	could	be	used	to	introduce	
energy-related	 themes,	 case	 studies	and	projects	 into	 the	curriculum.	For	example,	 the	
Power	 to	Gas	 case	 could	be	used;	 students	 could	be	 asked	 to	 choose	 a	different	 energy	
technology	in	order	to	explore	the	various	functions	in	technology	innovation	systems.	
Another	 example	would	be	 to	 ask	 students	 to	 select	 a	different	 regional	 system	and	 to	
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1.1 Definition of End State
Energy	markets	are	always	changing,	and	therefore	the	end	state	of	the	energy	transition	






or	 longer)	 and	a	public	 consensus	 that	we	have	 reached	a	new	status	quo	and	no	 large	











•	 Social: Climate	change	awareness	shift,	 increasing	tensions	between	rural	and	urban	
communities.
•	 Technological: Significant	 development	 and	 maturity	 of	 the	 existing	 technologies,	
efficiency	 increase,	 modal	 shift	 in	 transport,	 increased	 R&D	 expenditure	 and	
innovation.
•	 Environmental: Significant	emissions	reduction	after	2020.
Figure 2: Evolution of the Energy Mix in End State C1: Renewables 





In	 the	 ‘Renewables’	 end	 state	 it	 is	 assumed	 that	 the	 level	 of	 political	 and/or	 policy	
intervention	will	be	high.	Governments	take	action	to	steer	the	energy	system	away	from	
fossil	 fuels	 towards	more	 renewables	 with	 a	 variety	 of	 policy	measures.	 Especially	 the	























energy.	Significant	 improvements	 in	the	efficiency	and	costs	of	 renewable	technologies	
are	assumed	due	to	heavy	public	R&D	expenditures.	The	environmental	NGOs	assume	
almost	 a	 complete	 phase-out	 of	 fossil	 power	 generation.	 Other	 scenarios	 assume	 the	
implementation	of	CCS	to	reduce	emissions.	Some	improvements	are	expected	in	utilizing	
hydrogen	 as	 an	 energy	 carrier,	 but	 no	 other	 fundamental	 breakthroughs	 are	 expected	
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Global	carbon	emissions	peak	around	2020	and	begin	to	decline	after	that	as	an	effect	of	
international	 efforts	 to	 reduce	 emissions.	One	 scenario	 assumes	 a	growth	 in	 emissions	
because	coal	will	increasingly	be	used	when	oil	and	gas	reserves	become	depleted.
1.1.2 End state: Business as usual
The	end	state	‘Business	as	usual’	(BAU)	is	characterized	by	the	following	factors:






•	 Social:	 Income	 redistribution	 affects	 energy	 efficiency	 in	 developing	 countries,	
increased	environmental	consciousness.
•	 Technological:	 Increased	 energy	 efficiency,	 progress	 in	 CCS,	 hydrogen,	 and	
unconventional	fossils.
•	 Environmental:	Moderate	emissions	constraints
Figure 3: Evolution of the Energy Mix in End State C2: Business as Usual 
The	energy	mix	of	the	‘BAU’	end	state	is	described	in	Figure	3	above.	In	this	end	state	the	


















energy	 demand	 growth.	 The	 increase	 in	 demand	 for	 energy	 is	 due	 to	 the	 developing	
countries.	OECD	has	a	slightly	lower	demand	due	to	efficiency.





carrier.	 Improved	 engine	 efficiency	 reduces	 energy	 demand	 in	 developing	 countries.	
Technologies	in	unconventional	gas	production	help	to	increase	supply.	Due	to	less	global	
economic	integration	as	compared	to	the	renewables	end	state,	innovation	spreads	slower.	










•	 Economic:	 Global	 population	 and	 GDP	 increase,	 developing	 countries	 catch	 up	 in	
economic	growth,	high	commodity	prices.	
•	 Social:	Concerns	about	energy	security.
•	 Technological:	Progress	 in	unconventional	 fossils’	 recovery,	energy	efficiency,	CCS,	no	
dominant	technology.
•	 Environmental:	Global	 emissions	 increase,	 no	 significant	 international	 agreements	 to	
reduce	emissions	in	place.
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Figure 4: Evolution of the Energy Mix in End State C3: Gas
The	energy	mix	of	the	‘Gas’	end	state	is	described	in	Figure	4	above.	This	end	state	has	the	
largest	increase	in	energy	demand	up	to	2050	(compared	to	other	end	states).	Comparable	
to	 the	 ‘BAU’	 end	 state,	 fossil	 fuels	maintain	 their	dominant	position,	 regardless	of	 the	
growth	of	renewables.	Notable	for	this	state	is	the	role	played	by	gas:	it	becomes	the	main	
energy	source	in	both	absolute	and	relative	terms	by	2050.
Just	 as	 in	 the	 ‘BAU’	 end	 state	 there	 is	 no	 international	 climate	 agreement	 in	 this	 end	
state.	 Some	 scenarios	 assume	 a	 CO
2

















LNG	markets.	 Some	scenarios	mention	 the	adoption	of	 electric	vehicles,	while	another	
scenario	assumes	near-zero	advances	in	transport	technology.	Most	scenarios	do	assume	
some	 level	 of	 efficiency	gains	 in	 energy	use.	The	global	 share	of	 gas	 in	 the	 energy	mix	
increases	with	33%	in	2050,	while	the	share	of	coal	and	oil	declines.	Furthermore,	because	
some	 scenarios	 explicitly	 mention	 developments	 in	 gas	 technologies	 this	 end	 state	 is	
labelled	the	‘Gas’	end	state.	








•	 Renewables: The	Renewables	 end	 state	 is	 characterized	 by	 a	 high	 share	 of	 renewable	
energy	 sources	 in	 the	 world-wide	 energy	mix	 alongside	 a	 sharp	 decline	 in	 energy	
demand	growth	towards	the	future.	
•	 Business As Usual (BAU): In	the	BAU	end	states,	the	future	(relative)	energy	mix	is	roughly	
the	 same	 as	 the	present	 energy	mix.	However,	 a	higher	 absolute	 energy	demand	 is	
envisaged.	
•	 Gas: The	 Gas	 end	 state	 assumes	 a	 significant	 portion	 of	 the	 energy	 demand	 to	 be	
fulfilled	 by	 natural	 gas.	 Furthermore,	 energy	 demand	 is	 expected	 to	 rise	 steeply	
towards	the	future.	
Note: Original Report, Kiewiet, Bert, ed. “The big picture: the future role of gas.”Groningen: Gasunie, 
University of Groningen, Hanze University of Applied Sciences, 2015, to be found at http://www.edgar-
program.com/publications/other-publications
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2.  DrIVErS OF ChANGE  
IN ENErGY SYSTEmS 
uNTIL 2050




cause	 changes.	 In	 this	 chapter,	 the	 drivers	 discussed	 could	 cause	 changes	 that	 would	
shape	 energy	 systems	until	 2050.	Drivers	here	 include	 those	 that	 cause	 change	directly	
or	 by	 altering	 one	 or	more	 direct	 drivers.	 Implicitly,	 some	drivers	 discussed	below	 are	












4.	 Resources and the environment
5.	 Energy systems and technology
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2.2 Politics
2.2.1 International politics
International	 politics2	 will	 produce	 several	 important	 drivers	 of	 change,	 which	 could	
impact	on	energy	 futures	until	2050	 in	direct	and	 indirect	ways.	Energy	 is	directly	 tied	
to	 the	 state	 security	 and	 foreign	 policy	 concerns	 of	 governments	 in	 Asia,	 Russia,	 the	
Middle	East,	North	 and	 South	America,	 and	Africa.	The	 same	 is	 the	 case	 for	European	




but	 also	 change	 the	 nature	 of	 ownership,	 energy	 alliances,	 the	 relative	 importance	 of	
energy	actors	and	the	relative	priority	of	developing	different	forms	of	energy.	
International	politics	could	also	have	a	significant	weakening	or	strengthening	influence,	
in	 seemingly	unrelated	economic	 sectors,	with	a	direct	or	 indirect	 effect	on	 the	energy	
sector.	 For	 example,	 during	 the	 current	 stand-off	 between	 the	 Russian	 government	










2050.	They	will	 also	experience	a	high	absolute	 increase	 in	energy	demand	during	 this	
period,	which	will	reinforce	the	wider	impact	of	developments	in	the	energy	sector.	
One	 hundred	 years	 ago	 European	 actors	 constituted	 a	much	 larger	 component	 of	 the	
world	population	and	politically	and	economically	dominated	both	the	larger	West	and	










The	 importance	 of	 state-linked	 corporations	 or	 privately-owned	 national	 corporate	














sued	 for	unlawfully	devaluing	 foreign	holdings.7	This	approach	could	 involve	creeping	
expropriation	in	the	form	of	regulations,	taxation	and	local	content	or	 local	ownership	
requirements,	as	in	Iraq,	South	Africa	and	Russia,	or	outright	expropriation,	as	in	Russia,	
Bolivia,	Ecuador	 and	Venezuela.	The	 economic	 failures	due	 to	 such	 an	 approach	 could	
result	in	privatization	projects,	but	privatizations	carried	out	in	those	countries	plagued	
with	 political	 instability	 could	 be	 renegotiated	 once	 a	 new	government	with	 different	
motivations	and	interests	is	installed.8	
New	alliances,	new	 roles	 and	new	actors	 that	 emerge	will	 also	be	 important	drivers	 of	
change.	For	many	years	after	Western	decolonization	 in	 the	1950s,	 Iran	played	 the	 role	
of	 a	 guardian	 of	Western	 interests	 in	 the	Middle	 East.	 This	 changed	 after	 the	 Islamic	
Revolution	of	1979.	Similarly,	Russia’s	role	in	Eastern	Europe	has	changed	with	its	actions	
in	 the	Crimea	and	eastern	Ukraine	 since	 early	2014.	This	 state	of	 affairs	has	had	major	
























However,	 the	 potential	 for	 regional	 fragmentation	 also	 remains	 strong,	 currently	
demonstrated	by	the	Bolivarian	Alliance,	which	only	include	a	selection	of	South	American	
countries.
In	 the	 Middle	 East,	 Turkey	 and	 secondly	 Iran	 will	 be	 the	 states	 with	 most	 potential	
influence	in	the	period	until	2050.	However,	it	is	likely	that	different	sub-regional	alliances	
will	persist,	 of	which	 Israel	would	 also	 form	at	 least	 an	 ad	hoc	part,	 either	 formally	or	
informally.	Similarly,	no	African	country	has	sufficient	 influence	and	resources	to	steer	
regional	cooperation	at	the	continental	level.	Instead,	alignments	around	Nigeria,	South	





may	 in	 time	move	 slightly	 eastwards,	with	Eastern	Europe	 relying	 on	US	 support	 and	
becoming	more	 important	 as	 the	 demographic	 weakness	 of	 Germany	 and	 France	 has	
effect,	while	Turkey	becomes	 stronger	 in	 the	Caucasus,	 and	 areas	 to	 its	northwest	 and	
south.11















2.2.3 The Eu as a region
The	alignment	and	integration	of	member	states	in	the	EU	will	be	an	important	driver	
of	 change.	 To	 date,	 the	 EU	 as	 a	 regional	 institution	 has	 been	 shaped	 and	 sometimes	









liberal	 multiparty	 models	 dominant	 in	 the	 northwest,	 as	 indicated	 at	 present	 by	 the	
example	of	Hungary.13
Many	of	the	key	national	governments	in	the	EU,	including	those	of	Germany	and	France,	
are	 strongly	engaged	 in	maintaining	or	 re-gaining	national	power	over	 the	EU.	This	 is	
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Political	decision-makers	are	also	sensitive	to	their	constituencies.	European	Parliamentary	
elections	 in	2014	 reinforced	a	 trend	of	 limited	participation	by	citizens	of	 the	member	
states,	and	saw	the	rise	of	EU-sceptic	or	–critical	opposition	parties.	In	many	other	parties	
in	 the	 Christian	 democratic,	 social	 democratic	 or	 market	 liberal	 traditions,	 national	
considerations	largely	trump	EU	ones.	
Both	 important	 political	 decision-makers	 and	 their	 political	 constituencies	 thus	 do	
not	 seem	primed	 for	considerable	 stronger	EU	 institutions.	Strong	corporations	 in	 the	
diverse	 energy	 sector	of	national	 states	 also	have	diverging	 interests	 and	 ambitions.	As	



















Fukushima	disaster	 in	April	 2011,	 states	 like	Germany,	Belgium	and	 Italy	backtracked.	




attractive	option	 in	 some	European	 countries.	This	 could	 in	 some	ways	 align	with	 the	
expressed	aim	of	several	Middle	Eastern	and	Asian	states	to	 increase	the	role	of	nuclear	
power.





The	 European	 Commission’s	 Roadmap for moving to a competitive low-carbon economy in 2050	
suggests	that,	by	2050,	the	EU	should	cut	its	emissions	to	80%	below	1990	levels	through	




system,	the	rate	of	renewable	energies	of	between	13	and	15%	 is	 still	 far	off	 the	current	
political	goals	under	discussion	of	45%	for	2030	or	65-86%	for	2050.17
However,	 national	 politics	 in	 Europe	 are	 likely	 to	 branch	 out	 in	 several	 directions	






aid.	While	many	 states	 have	 reduced	 carbon-production	 on	 their	 own	 territories,	 they	
have	also	increased	carbon	consumption	by	importing	goods	from	carbon-rich	producers	
in	China	and	elsewhere.
National	 and	 corporate	 policies	 about	 the	 production	 and	 transmission	 of	 renewable	
energies	will	be	another	important	driver	of	change.	Many	countries	in	the	EU	have	access	
to	 renewable	 energy	 sources,	 but	 some	more	 so	 than	 others,	 and	 with	more	 efficient	
harvesting	 in	 some	 countries	 compared	 to	 others.	Most	 countries	may	 face	 a	 decision	
between	cheaper	electricity	imports	and	the	security	of	supply	of	domestic	production.	
Thus,	renewable	markets	are	more	likely	to	be	buyer’s	markets	and	a	view	of	electricity	
as	 a	 commodity,	not	 a	 strategic	good.	 ‘Concerns	 about	 security	of	demand	and	 supply	
are	not	expressed	in	diversification	policies	and	the	like,	but	in	a	power	struggle	over	the	
ownership	and	decision	rights	with	regard	to	control	and	management	of	the	grid.’19	









One	 implication	would	 be	 that	 countries	 with	 certain	 capacities	 would	 become	more	
influential,	 changing	 the	 patterns	 of	 influence	 and	 power	 in	 Europe.	 For	 example,	
better-placed	countries	would	be	those	with	considerable	storage	capability,	high	reserve	
capacity,	 the	ability	 to	produce	 renewable	electricity	at	 times	of	high	demand,	or	 large	
interconnector	capacity	that	allows	the	balancing	of	outputs	of	different	areas.
An	important	driver	of	change	would	then	be	the	role	of	large	business	with	the	experience	




of	 generation	 and	 load,	 will	 also	 influence	 developments.	 Grid	 support	 services	 will	
become	more	important	to	address	concerns	about	operational	security	and	reliability.20	






The	 shift	 to	 non-state	 actors	 as	 agents	 or	 spoilers	 of	 cooperation,	 reinforced	 by	 the	
communications	revolution,	will	be	an	important	driver	of	change.	Transnational	non-
governmental	 organisations,	 faith-based	 organisations,	 multinational	 corporations,	
interest	groups	and	civil	society	organisations	will	continue	to	be	effective	in	reframing	
issues	and	mobilising	public	opinion.	Opportunities	will	exist	to	expand	the	interaction	
between	 state	 and	non-state	 actors	 and	public-private	 cooperation.	Those	with	hostile	
political	or	criminal	agendas	will	be	empowered	by	existing	and	new	technologies	and	
pose	serious	security	threats.
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Minority	 group	 politics	 could	 be	 an	 important	 driver	 of	 change	 in	 Europe,	 as	 well	 as	
in	parts	of	Asia,	the	Middle	East	and	Africa.22	In	the	case	of	the	US,	the	strong	Hispanic	
minority,	with	its	territorial	and	family	links	to	Mexico	and	further	south,	will	change	the	






identity	 politics	 to	 influence	 energy	 policies.	 In	 the	 recent	 case	 of	 the	 referendum	over	
Scotland’s	independence,	for	example,	a	political	dispensation	that	had	been	in	existence	












A	 linked	driver	of	 change	would	be	 the	 choice	of	 countries	between	using	centralized,	
large-scale	solar	farms	or	wind	parks	to	generate	electricity,	or	using	decentralized,	small-
scale	 individual	 solar	 panels	 and	 turbines.	 In	 the	 first	 case,	 geopolitical	 issues	 would	
largely	revolve	around	communities	wanting	such	forms	of	energy	to	generate	revenue	






for	markets,	but	they	share	an	 interest	 in	keeping	prices	high.	Consumers	compete	 for	
access	to	resources,	but	they	also	share	an	interest	in	keeping	prices	low.	Producers	and	
consumers	 rely	 on	 each	 other	 for	 revenues	 and	 energy,	 but	 also	 try	 to	minimize	 their	
mutual	dependence.24	
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2.2.6 Security challenges
Conflicts	 in	 regions	 that	 are	major	 producers	 or	 consumers,	 is	 likely	 to	 be	 a	 driver	 of	
change	until	 205025.	This	will	 especially	be	 the	 case	 in	 the	 context	of	 resource-scarcity.	
Such	areas	often	become	rife	with	corruption	and	organized	crime,	also	in	government	








decade,	 also	 in	migrant	 communities	 in	 some	European	 cities.26	 Some	of	 them	will	 be	
well-integrated	and/or	economically	successful,	while	others	may	not	be,	with	resulting	
social	tensions.	
Technological	 developments	 will	 allow	 migrants	 to	 maintain	 close	 links	 with	 their	
home	communities	and	to	transfer	issues	from	the	home	country	into	the	host	country.	

















increased	 reliance	 on	 space	 and	 cyber	 technologies,	 creating	 some	 vulnerabilities	 and	 an	
increased	chance	during	conflicts	of	disruptive	attacks	with	an	effect	on	the	energy	sector.31	
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2.3 Social factors
Demographics	will	be	a	key	driver	of	change.	The	global	population	is	expected	to	increase	












Income	 inequality	will	 be	 an	 important	 driver	 at	 regional	 and	 local	 levels	 outside	 the	






Government	 incentives	 and	 social	 activism	 to	 stimulate	 consumer	 demand	 for	 green	









conventional	 and	 renewable	 energy	 projects	 and	 increasing	 the	 risk	 of	 total	 or	 partial	
failure.37	





the	 environment	of	 energy.	One	 idea	would	be	derived	 from	 individualist	 and	 family-
oriented	traditions,	and	the	formation	and	lifestyles	of	individuals,	nuclear	families	and	
extended	 families.	 For	 example,	 in	 Indonesia,	 as	people	move	upward	 into	 the	middle	
class,	they	initially	focus	their	spending	on	improving	living	conditions	for	their	families	




The	 second	high-impact	 idea,	 related	 to	 individualist	 and	 family	 orientations,	would	
be	the	position	of	women.	Globally,	in	the	labour	market	and	unpaid	household	work,	




installation,	 plumbing,	 and	 installation	 of	 energy	 control	 or	 heating	 systems	 are	
dominated	by	males.	40	
Women	 as	 consumers	 may	 have	 closer	 knowledge	 about	 the	 energy	 services	 that	 are	
needed	 for	different	members	of	 the	 family,	different	 energy	needs	 and	different	 ideas	
about	 sustainable	 livelihoods.	 Another	 important	 question	 concerns	 the	 influence	 of	
women	on	policy	 concepts,	planning,	decision-making,	 and	 implementation,	which	 is	
limited.	
Gender,	age	and	communitarian	preferences	may	also	shape	the	preferences	and	behavior	
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Islamic	consumerism,	cultural	production	and	lifestyle	choices	may	play	a	role.43	Techno-




Themes	 of	 human	 rights,	 cross-sector	 partnerships,	 corporate	 social	 responsibility,	
sustainability	 and	 inter-generation	 equity	 and	 alternative	 business	 models	 form	 part	
of	 idea	 clusters	 that	 can	 have	 a	 major	 influence	 on	 future	 energy	 business	 models.	
However,	it	would	be	myopic	to	think	that	such	models	need	to	be	compliant	with	the	
current	dominant	models	in	Western	countries.	In	Malaysia,	models	of	Islamic	business	
governance	 have	 emerged.	 In	 China,	 strong	 sentiments	 of	 a	 social	 hierarchy,	 ethical	
structure,	and	a	strong	sense	of	family	as	the	basic	unit	of	production,	with	its	rights	of	
inheritance	 and	 views	 of	 the	 extended	 family,	 still	 pervade	much	 of	 Chinese	 thought.	
Hinduism	and	the	traditional	caste	system	still	influence	power	distance	and	hierarchical	














In	 several	 ways,	 the	 balance	 of	 power	 has	 been	 slowly	 shifting	 from	 companies	 to	
consumers.	 Tools	 allow	 consumers	 to	 gain	 information	 about	 products,	 services	 and	
purchases.	For	example,	they	see	their	electricity	expenditure,	compare	prices,	and	track	
their	home	 energy	use.	They	 can	make	better	decisions	or	 even	 automate	 the	decision	
process	based	on	certain	preferences.	
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However,	 several	 trends	 have	 also	 converged	 to	 create	 a	 field	 in	 which	 the	 so-called	










A	 significant	 finding	 is	 that	 socio-economically	 and	 demographically,	 a	 person	 in	 the	







































of	 global	 companies	 and	 entrepreneurs	may	 be	 especially	 important	 for	 innovation	 in	
particular	countries.	
Economically	interlinked	mega-regions	will	be	another	driver	of	change.	These	include	
the	 meta-region	 spanning	 Amsterdam-Rotterdam,	 Ruhr-Cologne,	 Brussels-Antwerp	
and	 Lille,	 the	 English	 mega-region	 spanning	 London,	 Leeds,	 Manchester,	 Liverpool	
and	 Birmingham,	 the	 German	 mega-region	 encompassing	 Stuttgart,	 Frankfurt	 and	
Mannheim,	and	the	Italian	mega-region	from	Milan	through	Rome	to	Turin.50	











the	 EU.	 In	 this	 regard,	 energy-related	 infrastructure,	 R&D	 and	 renewable	 energies	 are	
specifically	mentioned.51










Greater	 economic	 volatility	 and	 cyclicality	 and	 more	 uncertainty	 and	 risk	 will	 be	 an	
important	 driver	 of	 change.	 The	 recession	 has	 also	 provided	 governments,	 anxious	 to	
weather	the	downturn,	with	opportunities	to	take	regulatory	measures.	Concerns	about	
employment,	 debt,	 economic	 competitiveness,	 energy	 security	 and	 climate	 change	 are	
now	being	used	to	justify	this.	These	measures	are	accelerating	or	delaying	energy	system	
change,	depending	on	the	political	or	economic	circumstances.	
2.5 resources and environment
Rare	 earth	 elements	will	 be	 a	 driver	 of	 change.	China’s	 policy	 of	 limiting	REE	 exports	




Farmland	 will	 become	 a	 scarce	 resource	 and	 a	 driver	 of	 change,	 also	 because	 of	 non-
OECD	economies	increasing	their	consumption	of	meat	and	agricultural	commodities.	
As	populations	continue	 to	grow,	more	pressure	will	be	put	on	 land,	water,	 and	 forest	
resources.	
Agriculture	 is	 still	 of	 major	 importance	 in	 the	 livelihoods	 of	 people	 in	 Asian	 and	
African	 countries,	 and	 more	 energy-intensive	 than	 manufacturing.	 Major	 projects	
of	 industrialization	 are	 also	 expected	 in	 non-OECD	 countries,	 concomitant	 with	 the	
emergence	of	new	middle	classes.	With	an	apparent	emerging	stress	nexus	between	water,	
energy	and	food53,	tightness	of	supply	could	feed	off	each	other.	





















most	countries	of	 the	world.	According	to	 the	World	Energy	Council,	 this	 is	 the	result	
of	 scandals	 about	 the	 reliability	 of	 the	 science	 calling	 for	 climate	 change	 and	 failures	
in	 reducing	 emissions,	 as	 well	 as	 the	 increasing	 pressure	 on	 policy-makers	 to	 address	
economic	recessions.56
As	 stated	by	 the	Word	Energy	Council,	 global	 energy	until	 2050	will	 be	 influenced	by	
three	aspects,	namely	growing	complexity	in	energy	systems,	the	high	speed	of	change,	
and	institutional	tipping	points	and	the	failure	to	deliver	of	existing	institutions.57	Shell	
already	 indicated	one	of	 the	 implications	 in	2008,	by	 indicating	There are No Ideal Answers	
(TANIA).58
2.6 Energy and technologies






setbacks	also	were	 the	case	 in	 the	US,	and	shale	extraction	technologies	are	developing	











mix.	 Coal	 is	 the	mainstay	 of	 India’s	 energy	 sector	 and	 accounts	 for	more	 than	 50%	 of	
primary	commercial	energy	supply,	69%	of	total	primary	energy	supply	(TPES)	comes	from	
coal-based	thermal	power	stations	and	import	dependency	is	growing.	The	new	activist	
and	 business-oriented	 government	 of	 Narendra	 Modi	 in	 India,	 experiencing	 popular	
frustration	 about	 uneven	 energy	 services,	 are	 focusing	 on	 drastic	 measures	 to	 resolve	




The	global	position	of	coal	and	nuclear	energy,	especially	 the	 former,	are	 two	variables	
that	could	rend	the	three	end-state	scenarios	less	accurate.	According	to	the	World	Energy	
Council,	China	is	expected	to	overtake	the	US	to	become	the	world’s	largest	economy	by	
2020,	but	China	 itself	 is	 likely	 to	be	overtaken	by	 India	by	2050.	This	 could	 result	 in	a	










gas	 is	 also	 produced	 with	 fewer	 additional	 potential	 products	 than	 orthodox	 oil,	 and	
existing	reserves	in	the	US	at	present	also	seem	to	have	a	shorter	lifespan.63
The	 impact	 of	 the	 US	 shale	 gas	 revolution	 on	 European	 energy	 policies	 and	 prices	 is	
another	driver	of	change.	The	success	of	North	America’s	shale	gas	production	may	inspire	
responses	by	other	countries	in	the	northern	and	southern	hemisphere.	Many	European	








The	 aftermath	 of	 the	 shale	 gas	 revolution	 could	 influence	 the	 mix	 between	 gas	 and	
other	energy	elements	in	consumer	countries,	promoting	a	greater	share	for	gas	in	these	
mixtures.	At	present,	gas	contracts	are	often	linked	to	long-term	high-priced	oil	contracts.	
However,	 rising	 gas	 supplies	 and	 the	 option	 of	 several	 suppliers	 may	 result	 in	 many	
consuming	countries	becoming	less	willing	than	at	present	to	contract	large	volumes	of	
gas	over	a	long	period	or	to	link	it	to	oil	supply	contracts.65	
Competition	 and	 sometimes	 cooperation	 between	 and	 International	 and	National	Oil	
Companies	 (IOCs	&	NOCs)	will	be	a	key	driver	of	change.	Trends	that	will	 shape	their	





hand	 and	 Iran,	 Syria	 and	 Iraq	on	 the	other,	 could	 also	be	 reflected	 in	OPEC	 finding	 it	
difficult	to	respond	to	a	crisis.	Just	after	the	shale	gas	revolution	in	the	US,	Iran,	Venezuela,	
and	some	North	and	Sub-Saharan	African	producers	differed	strongly	from	Saudi	Arabia	
and	 other	GCC	 states	 in	OPEC.66	 Likewise,	OPEC	members’	 different	 interests	may	 be	
difficult	to	reconcile	if	some	of	the	above	drivers	and	enablers	are	active.
Oil	 demand	 will	 be	 another	 important	 driver	 of	 change.67	 Oil	 demand	 projections	
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This,	 in	 turn,	 could	 trigger	 instability	 in	 one	 or	 more	 countries	 of	 the	 region	 in	 the	
next	 decade,	 reinforcing	 insecurity	 on	 Europe’s	 southern	 border.	Given	 the	 social	 and	
demographic	situation	of	the	region,	the	soft	warning	in	the	IEA’s	World Energy Investment 
Report	in	2014	remains	relevant.	If	the	oil	price	stabilizes	around	current	levels	and	increases	




complex	 issue	 involving	 many	 actors,	 possible	 interactions	 and	 less	 visible	 feedback	









However,	 the	majority	 view	 among	 analysts	 still	 is	 a	 tremendous	 rise	 in	 oil	 demand.	
Non-OPEC	conventional	crude	supply	will	 then	also	be	a	driver	of	change.	 It	has	been	
falling,	but	the	fall	could	be	slowed	by	new	discoveries	like	that	in	deep	water	off	Brazil	
and	 reserves	 in	 existing	 fields	 being	 upwardly	 revised	 with	 the	 application	 of	 new	
technologies,	viable	in	higher	oil	price	environments.	This	decline	could	also	be	mitigated	
by	 supplementary	 sources	 like	 unconventional	 oil	 and	 biofuels.	 Interactions	 between	
individual	types	of	energy,	their	markets	and	their	prices	will	reinforce	complexity,	also	
the	virtual	impossibility	of	forecasting	the	future	nature	and	extent	of	global	demand.72
Drivers	 in	 the	 technology	 domain	 have	 the	 potential	 to	 significantly	 change	 the	
energy	 sector	 but	 also	 its	 position	 relative	 to	 other	 sectors,	 like	 electricity,	 transport,	
construction,	and	telecommunications.	 Important	new	developments,	 the	convergence	
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Some	 areas	 of	 potential	 technological	 developments	 or	 breakthroughs	 would	 be	
continuing	engine	developments	with	improved	efficient	combustion,	electric	vehicles,	




this	 will	 include	 the	 transfer	 of	 entire	 laboratories,	 subcontracting	 to	 Asian	 research	
organizations,	 and	 through	 collaborative	 R&D	 projects.	 Uncertainties	 over	 human	
resources,	fraud,	and	unclear	property	rights	will	only	have	a	limited	effect	on	this	trend.	
However,	 the	 extent	 to	which	 innovation	 is	 strongly	 guarded	 or	 extensively	 shared	 or	
copied	will	be	important.	Such	an	outsourcing	will	interact	with	the	extensive	focus	on	
R&D	in	the	policies	of	China	and	other	Asian	countries.73
The	 reversal	 of	 an	 Asian	 brain	 drain	 to	 some	Western	 countries	 will	 be	 an	 important	




The	 speed,	 lead-time	 and	 direction	 of	 development	 for	 new	 energy	 technologies	 will	
be	 an	 important	 driver	 of	 change.	 New	 energy	 technologies	 must	 be	 demonstrated	
at	 commercial	 scale	 and	 require	 thirty	years	of	 sustained	double-digit	growth	 to	build	
industrial	 capacity	 and	 grow	 sufficiently	 to	 feature	 at	 even	 1-2%	 of	 the	 energy	 system.	
The	policies	in	place	in	the	next	five	years	shape	investment	for	the	next	ten	years,	which	
largely	shape	the	global	energy	picture	out	to	2050.	
Energy	 efficiency	 will	 be	 a	 very	 important	 driver	 of	 change	 in	most	 corporations	 and	
economies.74	 In	several	countries,	 the	potential	gains	 in	this	regard	are	still	substantial.	
The	relevant	technologies	and	learning	curves	could	change	quickly.
2.7 Key findings




stages	 and	 during	 different	 interactions	 and	 iterations.	 They	 could	 shape	 but	 also	 be	
shaped	by	energy	systems	in	complex	ways.	
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The	 identified	drivers	of	 change	and	 the	 complex	ways	 in	which	 they	 can	 interact	 and	
reshape	 futures	 confirm	 that	 lock-in	 effects	 remain	 among	 the	 greatest	 risks.	 In	 EU	
member	states,	flexibility	and	modularity,	rather	than	energy	platforms	only	focused	on	
one	end-state,	would	be	highly	advisable.
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plans	as	 they	are	 stated	 in	Energy	20201,	Energy	 trends	20302	 and	 the	Energy	Roadmap	
20503.
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The	power-to-gas	principle	is	shown	in	Figure	1:	Power-to-gas	concept	for	bidirectional	
coupling	 of	 the	 electricity	 and	 gas	 grids..	 Excess	 electricity	 is	 converted	 into	hydrogen	
using	electrolysis.	The	hydrogen	can	be	used	in	three	ways7.	In	the	first	place	the	hydrogen	











Figure 1: Power-to-gas concept for bidirectional coupling of the electricity and gas grids.
Three	 end	 states	were	defined.	These	 end	 states	 require	 technological	 innovation.	One	
innovation	that	is	needed	to	accommodate	the	end	states	is	the	storage	of	excess	renewable	
energy.	Power-to-gas	can	provide	this	storage	but	the	technology	is	facing	hurdles.	This	
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3.2 methodology – a system approach
What	 will	 determine	 if	 power-to-gas	 will	 be	 an	 important	 technology	 in	 the	 energy	
transition	over	the	next	years?	A	technology	does	not	develop	in	one	place	and	it	is	not	
developed	by	one	 actor.	One	 can	 look	at	 the	development	of	 a	 technology	 as	 a	process	
that	 takes	place	 in	 a	 technological	 innovation	 system	 (TIS).	The	TIS	 includes	 all	 actors	







Many	 actors	 and	 institutions	 are	 involved	 in	 the	 development	 of	 power-to-gas.	 Since	
the	 actors	 and	 institutions	do	not	 act	 alone	 they	 are	 viewed	as	 a	 system	with	multiple	
interdependencies.	
Actors	 are	 numerous,	 ranging	 from	 public	 to	 private	 and	 from	 innovator	 to	 end-user.	
Institutions	 are	 governments,	 agencies,	 law	 and	 others.	 A	 system	 approach	 is	 used	 to	
emphasize	the	dynamics	between	actors,	institutions	and	technological	factors13.	
The	basic	unit	of	the	analysis	is	the	event.	Within	the	context	of	a	TIS	analysis,	an	event	
can	 be	 defined	 as	 an	 instance	 of	 rapid	 change	with	 respect	 to	 actors,	 institutions	 and/
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This	 Technological	 Innovation	 System	 approach	 is	 based	 on	 Motors	 of	 sustainable	
innovation	by	Roald	A.	A.	Suurs.
The	main	research	question	is:	In what way does the power-to-gas Technological Innovation Systems 
affect the energy technology trajectories leading to the end states?
Using	the	Technological	Innovation	System	approach	the	sub	questions	are:
1.	 	How does the power-to-gas Technological Innovation System perform on the defined functions?
	 	The	answer	to	this	question	will	provide	insight	in	the	strengths	and	weaknesses	of	the	





2.	 	What progress does the power-to-gas Technological Innovation System need to make to accommodate the 
different end states?











knowledge	 into	 business	 opportunities,	 and	 eventually	 innovations.	The	 entrepreneur	
does	 this	 by	 performing	 market	 oriented	 experiments	 that	 establish	 change,	 both	 to	
the	emerging	technology	and	to	 the	 institutions	 that	 surround	 it.	The	entrepreneurial	
activities	 involve	 projects	 aimed	 to	 prove	 the	 usefulness	 of	 the	 emerging	 technology	
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Herten H2Herten 2013 Production	of	hydrogen
Hydrogen	used	for	transportation	
and	other	fuel	cells
Niederaussem CO2rrect 2013 Production	of	methane	and	methanol





Falkenhagen Pilotanlage	Falkenhagen 2013 Production	of	hydrogen
Inject	in	gasgrid
Grapzow Windpark	RH2-WKA 2012 Production	of	hydrogen
Use	hydrogen	to	produce	electricity
Inject	in	grid
Prenzlau Hybridkraftwerk	Prenzlau 2011 Production	of	hydrogen
Use	for	electricity
use	for	transportation
Schwandorf Power	to	Gas	in	Eucolino 2012 Production	of	methane	using	
Microorganisms.
Injection	in	grid	or	storage.
Rozenburg	(NL) P2G	in	Rozenburg 2013 Production	of	methane
Injection	in	local	grid
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All	those	projects	can	count	as	entrepreneurial	activities	as	defined	in	the	TIS	literature.	











Zenobe	 Gramme	 invented	 the	 Gramme	machine	 in	 1869	 to	 produce	 hydrogen	 using	




3.4.1 Studies on electrolysis and hydrogen
The	Fuel	Cells	and	Hydrogen	Joint	Undertaking	(FCH	JU)	is	a	public	private	partnership	
founded	 in	 2008	 supporting	 research,	 technological	 development	 and	 demonstration	
activities	in	fuel	cell	and	hydrogen	energy	technologies	in	Europe.	Its	aim	is	to	accelerate	
the	market	introduction	of	these	technologies,	realizing	their	potential	as	an	instrument	
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3.4.2 Studies on power-to-gas and the gas network
The	 Naturalhy	 project	 was	 funded	 by	 the	 European	 commission’s	 sixth	 framework	
program	(2002	–	2006)	for	research,	technological	development	and	demonstration26.	The	
project	started	in	2004	and	the	final	report	was	published	in	2010.	The	project	studied	the	















The	main	 conclusion	 is	 that	 the	 existing	 gas	 infrastructure	 can	 handle	 a	 10%	 volume	
addition	 of	 H
2
	 in	 the	 gas	 grid.	 Furthermore	 four	 possible	 power-to-gas	 applications	








The	HyUnder	 project	 studies	 the	 possibilities	 for	 large	 scale	 and	 long	 term	 storage	 of	
renewable	electricity	by	hydrogen	underground	storage	in	Europe.	The	project	compares	
hydrogen	underground	 storage	with	other	 storage	options.	Given	de	European	 energy	
policy	goals	the	need	for	storage	is	explored.	The	conclusion	is	that,	although	a	thorough	
quantification	of	 the	energy	 storage	needs	 in	 the	EU	has	not	been	undertaken	yet,	 the	
necessity	 of	 energy	 storage	 to	 compensate	 the	 intermittency	 of	 renewable	 energy	 is	
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of	high	investment	costs	systems	with	hydrogen	underground	tube	storage	or	storage	in	
pressure	vessel	bundles	are	not	appropriate	for	long	term	storage	of	large	volumes28.










•	 Forecast	 hedging:	 the	 use	 of	 stored	 energy	 to	 mitigate	 penalties	 when	 real-time	
generation	falls	short




The	study	concludes	that	the	value	of	power-to-gas	 is	 in	 its	able	to	deliver	community	
energy	 storage	 services,	 time	 shifting	 and	 transmission	 and	 distribution	 capacity	
management.	This	outcome	contributes	in	a	positive	way	to	the	knowledge	development	
function.
3.4.4 Studies on the financial feasibility of power-to-gas






























wind	power	 in	2020	 is	 taken	as	a	starting	point.	Using	the	electricity	demand	data	and	
the	wind	speed	data	from	2004	the	result	for	8	GW	installed	wind	power	is	an	excess	wind	
power	 of	 about	 4.5	 TWh.	 The	minimum	 cost	 estimate	 for	 producing	 hydrogen	 using	
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For	 the	 Fuel	 Cells	 and	 Hydrogen	 Joint	 Undertaking	 (FCH	 JU),	 cooperation	 between	
government,	businesses	 and	 research	 institutions	 is	 a	main	 target.	The	 three	members	
of	 the	 FCH	 JU	 are	 the	 European	 Commission,	 the	 NEW	 Industry	 Grouping	 and	 the	
N.ERGHY	Research	Grouping.	The	NEW	Industry	grouping	has	68	companies	working	
in	 the	 field	 of	 fuel	 cells	 and	hydrogen	 and	 they	 represent	 a	major	 part	 of	 the	 sector34.	
The	 N.ERGHY	 Research	 Grouping	 represents	 the	 interests	 of	 European	 universities	
and	 research	 institutes	 in	 the	FCH	JU.	Currently	58	 international	 research	 institutions	
are	 a	part	 of	N.ERGHY35.	As	mentioned	before	 the	FCH	 JU	has	 27	projects	 carried	out	
and	they	are	all	Hydrogen	related.	The	projects	themselves	all	have	several	organizations	
participating.





















together	 to	 share	 information	and	experiences.	The	platform	was	 initiated	 in	2012	and	
has	had	five	meetings	since	the	start.	14	member	organizations	have	joined	the	platform.	
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The	research	that	is	seen	as	a	part	of	the	knowledge	development	function	contributes	to	
the	knowledge	exchange	function	in	two	ways.	First	of	all,	the	research	programs	in	general	






3.6 Guidance of the search
The	guidance	of	the	search	function	refers	to	the	activities	within	the	TIS	that	shape	the	
needs,	requirements	and	expectations	of	actors	with	respect	to	their	further	support	of	the	
emerging	 technology.	Usually,	 various	 technological	 options	 exist	within	 an	 emerging	
technological	field.	The	guidance	of	the	search	function	represents	the	selection	process	
that	is	needed	to	direct	scarce	resources	to	the	most	promising	options37/38.
For	 power-to-gas	 the	 growth	 of	 intermittent	 renewable	 energy	 is	 crucial.	 Only	 when	
there	 is	 significant	 excess	 renewable	 electricity	 it	 becomes	 urgent	 to	 have	 power-to-
gas	 technology.	 The	 European	 Commission	 states	 in	 its	 Energy	 2020	 strategy	 that	 it	
will	 implement	the	SET	plan	without	delay39.	One	of	the	six	 initiatives	in	the	SET	plan	









the	Dutch	 government	wishes	 to	 realize	 6000	MW	onshore	wind	 energy	 by	 2020.	 The	
vision	includes	subsidies	for	2013	for	a	total	of	€3	billion	for	the	production	of	renewable	
energy	(not	just	wind).	For	offshore	projects	the	new	national	policy	will	appear	in	2014.	
The	 guidance	 of	 the	 search	 function	 at	 a	 high	 level	 compares	 power-to-gas	 to	 other	
technologies	 to	 store	 intermittent	 renewable	 energy.	 Those	 other	 relevant	 large	 scale	
energy	 storage	 technologies	 are	 pumped	 hydro	 energy	 storage,	 compressed	 air	 energy	
storage	 and	 stationary	 batteries.	 Research	 shows	 that	 the	 strengths	 of	 power-to-gas	
technology	are	the	possibility	to	offer	storage	on	a	large	scale	and	to	store	energy	in	the	
range	of	hours	to	several	weeks.	On	the	other	hand	the	power-to-gas	energy	efficiency	is	









process,	 the	purity	of	 the	hydrogen	and	the	performance	at	 low	 loads	 should	 improve.	
PEM	technology	is	more	efficient	but	has	higher	costs.	SOEC	electrolysis	is	in	a	laboratory	
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In	 the	power-to-gas	TIS	 the	guidance	of	 the	 search	 function	 involves	 two	main	 issues.	
In	the	first	place	power-to-gas	has	to	become	more	energy	efficient.	Several	electrolysis	







The	market	 formation	 function	 involves	 activities	 that	 contribute	 to	 the	 creation	 of	 a	
demand	for	the	emerging	technology,	for	example	by	financially	supporting	the	use	of	the	
emerging	technology.	In	case	of	sustainable	innovations,	there	is	usually	no	commercial	




For	power-to-gas	 the	market	 formation	 is	 in	 the	 first	place	 facing	a	 lack	of	 regulation.	
At	 this	moment	the	responsibility	concerning	power-to-gas	 is	unclear.	 Is	power-to-gas	
the	 responsibility	 of	 the	 electricity	 producer,	 electricity	 distributor,	 gas	 producer,	 gas	
























support	 schemes	or	 changes	 to	 the	market	design.	As	most	markets	 for	 renewables	are	
being	regulated	under	policy	schemes,	this	risk	is	of	particular	importance	to	renewable	















availability	of	 coal	due	 to	 the	 shale	gas	growth	 in	 the	USA	has	caused	excess	electricity	
producing	capacity.	Expanding	the	capacity	–	with	wind	energy	or	otherwise	–	will	not	be	
profitable.	The	CPB	advises	to	postpone	the	new	wind	projects	for	five	years67.

















Important	 economic	 risks	 are	demand	 risk	 (uncompetitive	pricing	policy	of	 renewable	
projects)	and	price	risk	(changes	in	market	prices	of	energy	carriers	and/or	certificates	for	
climate	change	abatement	of	renewable	production)71.
If	 the	 hydrogen	 or	 methane	 is	 too	 expensive	 due	 to	 the	 high	 costs	 of	 power-to-gas	
technology	there	will	be	a	lack	of	demand.	Power-to-gas	installations	are	expensive	and	











Compared	 to	 other	 options	 (batteries,	 pumped	 hydro	 systems	 and	 others)	 the	 large	
scale	and	long-time	storage	of	excess	electricity	through	power-to-gas	looks	promising.	
Large	scale	stationary	storage	of	hydrogen	enables	synergies	with	both	e-mobility	by	the	
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Another	approach	is	taken	by	the	CENER	Centre74.	Their	model	provides	an	economical	
assessment	 of	 a	 wind-hydrogen	 energy	 system.	 They	 emphasize	 the	 possibility	 to	 sell	
wind	 electricity	 at	 the	 best	 possible	 price.	When	 prices	 are	 low,	 the	 energy	 should	 be	



















to	balance	 the	electricity	network	applying	power-to-gas.	Secondly	 it	 is	unsure	whether	
current	 regulations	will	 result	 in	 a	 sufficient	 growth	 of	 intermittent	 renewable	 energy.	
There	are	European	and	national	programs	and	plans	to	support	this	growth	but	they	may	
not	be	sufficient	and	they	are	criticized	for	being	unrealistic.	A	third	barrier	is	the	lack	of	










way	 increase	 the	 need	 for	 power-to-gas.	 Therefore	 looking	 at	 the	 function	 of	 resource	
mobilization	 requires	 a	 broad	 perspective.	 Investments	 and	 subsidies	 for	 power-to-gas	
technology	represent	direct	resource	mobilization	for	the	TIS	but	resources	for	intermittent	
renewable	energy	sources	are	relevant	as	well	since	they	contribute	to	market	formation.
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3.8.1 Subsidies
Subsidies	 can	 be	 found	 at	 both	 European	 and	 national	 level.	 The	 Seventh	 Framework	
Programme	from	the	European	Union	wants	to	make	Europe	the	leading	world	forum	
for	 science	 and	 technology.	 The	 specific	 program	Cooperation	 –	 a	 part	 of	 the	 Seventh	
Framework	-	aims	to	support	cooperation	between	industries,	research	centres	and	public	
authorities.	Energy	is	one	of	the	nine	themes	of	the	Cooperation	program.	The	budget	
allocated	 to	 the	Energy	 theme	 is	€	 2,350	million	 for	 the	period	2008	–	2013.	A	 share	of	
€467	million	of	this	budget	is	earmarked	for	research	on	fuel	cells	and	hydrogen	and	is	

















needed	to	have	 sufficient	 resources.	Whether	 research	or	projects	are	 financed	 through	
subsidies	or	private	investments	depends	on	the	life	cycle	stage	that	the	technology	is	in84.
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Figure 2: Global capital market for sustainable projects 2007. (Biemans, 2009)
Figure	2	shows	that	a	technology	in	its	early	stage	–technology	research	and	technology	
development	 -	 is	 financed	 through	 subsidies,	 businesses	 and	 venture	 capital.	 The	
entrepreneurial	activities	in	the	power-to-gas	TIS	(Table	1:	Operating	power-to-gas	plants	
in	Germany	 (10)	 and	 the	Netherlands	 (1).)	 confirm	 this.	 All	 activities	 have	 private	 and	
public	parties	involved.	
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Figure 3: Installed capacity for electricity generation from renewables, EU-2885
Bloomberg86	reports	rising	new	investments	in	renewable	energy	in	Europe	between	2004	
and	2011.	 In	2012	and	2013	new	investments	 fall	 to	a	 lower	 level.	For	the	power-to-gas	
TIS	the	fall	 in	new	investments	 is	negative.	Looking	at	the	need	for	a	strong	growth	in	
intermittent	energy	sources	a	rise	in	new	investments	in	renewable	energy	is	needed.





3.9 Support from advocacy coalitions
The	rise	of	an	emerging	technology	often	leads	to	resistance	from	actors	with	interests	in	
the	incumbent	energy	system.	In	order	for	a	TIS	to	develop,	it	is	necessary	to	overcome	
this	 resistance.	 Lobbies	 and	 advice	 activities	 are	 used	 to	 create	 support	 from	 advocacy	
coalitions87/88.	To	analyse	the	support	from	advocacy	function,	the	lobby	groups	that	are	
related	to	power-to-gas	have	to	be	found.	In	the	European	transparency	register	15	lobby	
groups	 are	 registered	 with	 hydrogen	mentioned	 in	 the	 description	 of	 the	 goal	 of	 the	
organization.	Over	50	lobby	groups	have	wind	in	the	description	of	their	goal89.	Some	of	
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the	lobby	groups	have	hydrogen	or	wind	energy	as	their	core	business	other	lobby	groups	








is	 therefore	 an	 important	 advocacy	 coalition	 with	 28	 gas	 industry	 members	 from	 14	
countries.
The	European	Hydrogen	Association	(EHA)	represents	21	national	hydrogen	and	fuel	cell	
organisations	and	 the	main	European	companies	active	 in	 the	hydrogen	 infrastructure	




























Innovative	 research,	 including	demonstration	projects,	 is	 initiated.	The	businesses	and	
research	institutions	then	require	resources	to	cover	part	of	their	costs	and	to	compensate	
the	 financial	 risks	 they	 take.	 In	 the	 power-to-gas	 TIS	 funds	 have	 come	 available	 and	









causes	 a	 (potential)	balancing	problem	on	 the	 electricity	networks	 so	 a	 solution	has	 to	
be	 found.	 Business	 and	 research	 institutions	 start	 projects	 and	 claim	 resources.	 The	
most	 important	 events	 concerning	 knowledge	 development	 are	 the	 FCH	 JU	 projects,	
























activities	have	also	 resulted	 in	new	and	more	projects.	 In	Stuttgart	a	ZSW	pilot	project	















The	 first	 conclusion	 has	 to	 be	 that	 a	 convincing	 European	 and	 national	 energy	 policy	
aimed	at	a	substantial	growth	of	wind	and	solar	energy	is	the	most	important	condition	





a	 need	 for	 power-to-gas	 technology.	 The	 implementation	 of	 the	 ambition	 has	 to	 be	 a	













storages	 are	 ready	 for	 a	 changed	 gas	mixture.	 Another	 pathway	 is	methanation.	Using	
hydrogen	to	produce	methane	offers	the	advantage	that	methane	can	be	injected	into	the	
natural	gas	network	without	 restrictions.	 In	both	cases	an	 increase	 in	energy	efficiency	
of	 power-to-gas	 technology	 is	 needed	 to	 improve	 the	 power-to-gas	 business	 case.	
Entrepreneurial	activities,	knowledge	development	and	knowledge	exchange	are	needed	
to	realize	the	requested	progress.
The	 regulatory	 framework	 for	 power-to-gas	 at	 the	 moment	 shows	 some	 deficiencies.	
Power-to-gas	is	the	linking	pin	between	the	electricity	grid	and	the	natural	gas	network.	
Regulation	is	needed	to	determine	if	power-to-gas	is	the	responsibility	of	the	electricity	
























and	 the	 making	 of	 a	 regulatory	 framework	 both	 for	 gas	 quality	 standards	 and	 for	
investment	conditions.	All	TIS	functions	need	to	make	progress	but	this	is	especially	true	
for	the	market	formation	function.
What	 will	 determine	 if	 power-to-gas	 will	 be	 an	 important	 technology	 in	 the	 energy	
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4.1 Introduction
This	chapter	describes	how	contextual	 factors	and	system	reactions	 influence	end	state	
developments	based	on	a	 systems	approach.	The	chapter	uses	 the	 case	 study	of	Energy	
Valley	of	the	Netherlands	to	illustrate	the	influence	of	contextual	factors	on	the	regional	





















be	of	different	 scales.	 In	 the	 research,	Energy	Valley	was	examined	as	an	energy	 system	













and	 the	 research	 to	be	 able	 to	 frame	 the	 analysis	presented	 in	 this	 chapter.	 Section	4.3	







4.2 research on Energy Valley case study
Energy	Valley	 is	 an	 energy	 cluster	 covering	 the	Northern	 part	 of	 the	Netherlands	 and	
was	 established	 in	 2003	 by	 stakeholders	 including	 local	 policymakers	 in	 response	 to	
EU	 and	 national	 energy	 liberalization	 policies.	 Energy	 Valley	 faced	 two	major	 strands	
of	 development.	 The	 first,	 a	 gas	 driven	 national	 energy	 sector	 facing	 the	 transition	 to	
more	 sustainable,	 liberalised	 European	 energy	 market	 and	 the	 second,	 the	 economic	
development	of	a	periphery	region.	Energy	Valley	cluster	as	a	case	study	offered	exploration	
into	these	two	interconnected	developments	driven	by	changing	EU	and	global	contexts.
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Energy	Valley	was	 established	 in	 2003	 and	has	 seen	 changes	 in	 its	 scope,	 visibility	 and	





within	 broader	 macro	 level	 energy	 and	 contextual	 developments.	 The	 study	 looked	
at	system	developments	at	the	 local,	national	and	EU	levels	and	these	examples	will	be	






Figure 2: Contextual Factors in Energy Systems
To	illustrate,	discovery	of	gas	in	the	North	NL	and	the	development	of	the	gas	industry	
for	NL	and	EU	determined	the	key	stakeholders,	namely,	gas	corporations,	the	national	
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relevant	 to	 its	 system	 changes.	 There	 were	 nine	 significant	 external	 drivers	 and	 seven	
internal	drivers.	Below	are	some	highlights	of	these	drivers	of	change	and	their	relevance	
to	a	gas	dominated	system	of	Energy	Valley.
External drivers of change in Energy Valley
•	 Geo-political shifts
	 	Major	geo-political	shifts	such	as	the	emerging	power	shifts	towards	Asian	economies	
and	 the	 renewed	 Russian	 political	 threats	 to	 Europe	 are	 examples	 of	 drivers	 that	
required	strategic	responses	in	Energy	Valley.	
•	 Energy security threats




•	 Large scale power outage and blackouts in Europe









	 	The	 legislations	 supported	 EU’s	 goal	 towards	 a	 more	 reliable	 and	 sustainable	 use	
of	 energy	and	more	 flexible	markets	 led	by	demand-side	 focus.	 Specific	 legislations	
governed	 grid	 interconnections	 and	 efficiency	 of	 energy	 systems	 to	 support	
development	of	a	European	internal	energy	market.	Energy	Valley	needed	to	comply.
•	 Sustainability and climate change
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•	 New energy resources and balancing
	 	EU	targets	for	renewable	energy	and	energy	efficiency	(Policies:	2020,	2030,	2050	Energy	
Roadmaps)	were	 directly	 relevant	 to	 developments	 in	 Energy	 Valley.	 The	 increased	
need	for	balancing	as	a	result	of	large-scale	introduction	of	renewable	energies	offered	
new	opportunities	for	the	gas	sector	in	Energy	Valley.
•	 US cheap coal and shale
	 	The	US	 shale	 revolution	 and	 its	move	 towards	 increased	 renewable	 energy	 in	 their	
energy	mix	 resulted	 in	 excess	 and	 cheap	 coal	 being	 dumped	 in	 European	markets,	
including	 the	 Netherlands.	 This	 had	 a	 strong	 impact	 on	 energy	 demands	 by	




bio-fuels,	 fuel	 cells	 and	hydrogen	 fuels	 are	examples	of	 the	 impact	of	 technological	
developments	on	market	developments.	Unpredictability	was	a	major	concern.	
Internal drivers of change in Energy Valley
•	 Depletion of gas resources
	 	Depletion	of	the	Groningen	gas	reserves	has	been	estimated	around	2030	at	the	current	
rate	 of	 extraction.	 Energy	 Valley’s	 gas	 contributes	 almost	 two-thirds	 of	 the	 energy	
needs	of	the	Netherlands.	Earnings	in	2013	were	more	than	15	billion	euros	from	gas	
revenues.	The	gas	industry	has	direct	implications	for	local	and	national	economies.	
•	 New gas reserves and biogas
	 	Biomass	gasification,	production	of	syngas,	creation	of	green	gas	hubs	are	examples	of	
new	developments	in	Energy	Valley	changing	the	local	gas	and	energy	sectors.
•	 Increased earthquake risks
	 	Increased	 earthquakes	 and	 damage	 to	 property	 directly	 related	 to	 gas	 exploitation	
in	 the	 Energy	 Valley	 region	were	 creating	 tensions	 between	 local	 population,	 local	
politicians	and	gas	corporations	and	national	government	where	conflicts	in	interests,	
roles	and	power	relations	played	a	role.	
•	 National policies 
	 	As	 mentioned	 earlier,	 government	 economic	 interests	 in	 the	 gas	 revenues	 were	
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•	 Citizen movements and developments
	 	As	 mentioned	 earlier,	 a	 growing	 distrust	 in	 energy	 corporations	 and	 government	
related	to	conflict	of	interests	regarding	gas	exploration	and	earthquake	risks,	the	rising	
energy	prices	and	need	for	autonomy	and	self-sufficiency	were	some	of	the	key	motives	
of	 citizens	 and	 grassroots	 movements	 to	 initiate	 decentralized	 energy	 solutions.	
Parallel	to	this	was	also	the	‘green’	sustainable	movement.	Citizens	producing	energy	
were	dubbed	‘prosumer’,	producing	consumers.	
•	 Role of local governments




development	 agenda	 was	 a	 strong	 driver	 in	 the	 region	 that	 included	 job	 creation,	
innovation	boost	and	mitigating	earthquake	issues.	
4.3.2 history and geography
Discovery	of	gas	in	the	1950s	has	and	continued	to	have	a	major	impact	on	the	local	energy	
system	of	Energy	Valley.	The	region	has	built	its	infrastructure,	energy	mix	and	economic	
development	policies	based	on	the	gas industry and revenues.	The	Dutch	government	has	a	
dominant	stake	in	the	gas	resources	(50%	state	ownership)	and	are	directly	connected	to	
national	strategic	interests.	The	local	energy	system	of	Energy	Valley	is	therefore	tightly	
connected	 to	 the	 national	 energy	 system.	The	 trading history	 of	 the	Netherlands	 and	 its	
current	‘BV	NL’	(‘Netherlands	Incorporated’)	strategy	framed	economic	interests	as	being	
leading.	Gas	is	traded	internationally	and	has	larger	implications	beyond	Energy	Valley.
The	periphery and lag region	positions	of	the	region	meant	that	economic	and	social	structures	
needed	to	be	addressed.	The	region	is	dominated	by	agriculture and rural economies	on	the	one	
hand,	and,	large chemical and energy intensive manufacturing industries	related	to	national	policies	of	
the	past	related	to	availability	of	cheap	energy.	Energy expertise	and	energy	related	industries	
were	 dominant.	However,	 there	were	 other	 economic	 sectors	 dominant	 in	 the	 Energy	
Valley	region	and	regional differences	were	present,	for	example,	water	and	recreation,	food	
and	agro-based	 industries	 (Friesland),	horticulture	 (North	Holland	North),	 agriculture	
and	dairy	farming	(all	provinces),	forestry	and	tourism	(Drenthe)	and	heavy	industry	and	
harbour	facilities	(Groningen),	etc.
Lack of strong R&D investments and knowledge centres,	public	and	private	centres	were	also	key	
feature	of	the	system.	The	limited	knowledge	base	was	a	key	concern	for	Energy	Valley.
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4.3.3 Stakeholders
Energy	 Valley	was	 initiated	 to	 address	 a	 serious	 threat	 of	 losing	 the	 local	 gas	 industry	
and	 expertise	 built	 up	 in	 50	 years	 as	 a	 result	 of	 EU	 liberalization	 policies	 and	 future	
gas	depletion.	The	need	 to	preserve	 existing	gas	 expertise	 in	 the	 local	 economy	was	 an	
important	driver	to	Energy	Valley.	The	key	stakeholders	developing	Energy	Valley	were	
therefore	 regional governments, gas corporations	 and	 local educational institutes.	 However,	 gas	
dominance	in	Energy	Valley’s	energy	landscape	meant	that	gas industry	 stakeholders	and	
the	national government	had	strong	positions	in	the	current	system.




Dominant stakeholders	 in	 the	 energy	 system	 were	 identified	 as	 the	 national	 government,	
gas	 related	 stakeholders	 and	provincial	 governments	due	 to	historical	 and	geographical	
factors.	This	meant	that	the	differences	in	stakeholders	resulted	in	different	definitions	and	
boundaries	for	the	system.	Given	the	dominance	of	 its	particular	stakeholders,	 three main 
frames, ‘economic’, ‘energy transition’ and ‘regional development’, were	evident	in	Energy	Valley.	This	
in	part	led	to	complex	and	conflicting	agendas	as	already	mentioned	in	earlier	sections.
The	regional	development	focus	of	local	policy	makers	meant	that	initially	a	regional and 




4.3.5 Interconnectedness of contextual factors
Drivers	 of	 change,	 history	 and	 geography,	 stakeholders	 and	 system	 definition	 are	 all	
interconnected	as	captured	in	the	previous	sections.	The	illustration	below	captures	this	
interconnectedness.
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Energy	 Valley’s	 gas	 dominated	 system	 determined	 its	 stakeholders,	 and	 therefore	 their	
conceived	identity	and	scope	of	the	energy	system	and	both	these	factors	were	shaped	to	a	
large	extent	by	its	(perceived)	history	and	geography	of	gas	and	socio-economic	factors	related	







different	 aspects	 of	 a	 system	 that	 contribute	 to	 such	 a	 change.	 In	 this	 analysis,	 aspects	
contributing	to	system	reactions	include:	‘pulls’ of the system	which	is	the	direction	in	which	
a	system	tends	to	move;	coping strategies	of	agents	that	include	developing	and	gathering	


















Figure 4: Contextual Factors and System Reactions in Energy Systems
To	illustrate	system	reactions	in	Energy	Valley,	there	was	a	pull	towards	more	sustainable	
and	 decentralized	 energy	 solutions,	 connections	 between	 gas,	 oil	 and	 renewables.	 In	
addition,	 a	key	 coping	 strategy	was	 the	 creation	of	Energy	Academy	Europe	 that	would	
bring	fragmented	knowledge,	research,	education	and	stakeholders	together.	An	example	of	
transforming	interactions	and	collaborations	was	found	in	EnTranCe,	a	multi-stakeholder	
open	 innovation	 environment	 close	 to	market.	 Examples	 of	 emerging	 system	 patterns	
were	the	increased	presence	of	bottom-up	initiatives	next	to	top-down	policy	directives,	
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interplay	of	gas	and	electricity,	cross-sector	collaborators	such	as	bio-based	economy.	The	
following	sections	give	more	details	on	the	system	reactions	of	Energy	Valley.	
4.4.1 ‘Pull’ of the system
A	system	responds	to	changes	in	its	environment	and	there	is	often	an	underlying	direction	

























creating	new	cross-sector	 value	 chain	 collaborations;	 creating	educational	programmes	
with	multi-disciplinary	 competences;	 creating	new	 institutions	 and	 innovation	 spaces,	
etc.	All	stakeholder	groups	underlined	the	urgency	for	different	approaches	and	changes	
in	 the	 existing	 policy,	 business,	 education	 and	 innovation	 practice.	 There	was	 also	 an	
acknowledgement	 of	 the	 need	 for	 both	 large-scale	 and	 decentralized	 solutions,	 and	 a	
more	inclusive	strategy.
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4.4.3 Differences that matter
In	order	to	meet	the	new	challenges	due	to	the	changes	in	Energy	Valley,	the	innovation	
potential	of	the	system	had	to	be	analysed.	Exploring	‘differences	that	matter’	in	a	system	
with	new	combinations	of	potential	differences	 in	a	system	could	result	 in	 innovation.	
In	Energy	Valley,	new	and	different	 competences	 and	 capacities	needed	 to	be	 explored	
to	resolve	the	increasing	complexity	in	the	system	through	new	combinations	(German	
notion	 of	 ‘neue	 Kombination’).	 For	 example,	 innovative SME collaborating with large 
corporations and industry	with	 their	 resources	and	market	 reach	could	result	 in	accelerated	
commercialization	of	 innovations,	 including	 access	 to	 international	markets.	Combining 
fragmented research and knowledge disciplines present	 in	 the	 different	 universities	 in	 Energy	
Valley	 could	 accelerate	more	 focussed	 and	 collective	 solutions	 for	 energy	 development	
challenges.	 Regional differences	 in	 Energy	 Valley	 with	 differences	 in	 goals,	 ambitions,	
resources,	market	 structures,	networks,	 etc.	 could	be	used	 to	 forge	new	networks,	new	






and	 these	 two	 different	 goals	 could	 be	 achieved	 through	 the	 use	 of	 the	 differences	 of	
each	system.	Potential	or	‘missing’	stakeholders	in	Energy	Valley	such	as	environmental	
groups,	civil	organizations,	and	‘prosumers’	had	different	values,	goals	and	motives	from	
the	 established	 stakeholder	groups.	Combining	 these	differences	 could	offer	 a	broader	
reach	to	the	energy	sustainability	agenda.	
4.4.4 Transforming interactions







Academy	 Europe	 is	 another	 example	 of	 a	 collective	 initiative	 that	 resulted	 in	 a	 special	
institution	for	energy	to	overcome	fragmentation	and	lack	of	‘energy’	in	curricula.	
A	different	example	of	transforming	interactions	was	the	integration	of	energy	–	between	
electricity	 and	 gas,	 renewables	 and	 existing	 energy	 systems,	micro-level	 energy	 system	
management	 for	 homes	 and	 neighbourhoods,	 meso-level	 energy	 hubs	 connecting	
businesses	 in	 transition	 parks,	 green	 gas	 hubs,	 and	macro-level	 energy	 collaborations	
across	 regional	 boundaries	 such	 as	 in	Hansa	 Energy	 Corridor	 and	 ENSEA	 (North	 Sea)	
projects.	
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Another	 example	 of	 transforming	 interactions	 in	 Energy	Valley	were	 the	 development	







4.4.5 Emerging system patterns
The	transforming	interactions	of	Energy	Valley	were	visible	indications	of	changes	in	the	







The	scope	of	the	system	was	changing	to	become	both	more local	and	more international and	
there	 was	 evidence	 for	 a	more systemic approach	 that	 went	 beyond	 the	 traditional	 notion	
of	 energy	 systems.	 Following	 the	 systemic	 approach,	 a	 more	 emergent	 and	 organic	
development	 of	 the	 energy	 system	 was	 visible	 even	 as	 more	 policy	 and	 top-down	
coordination	was	taking	place	in	Energy	Valley.	Included	in	this	shift	were	more flexible and 
varying	 strategies	 that	 embraced	both	 local	 and	 international	developments,	 traditional	
and	renewable	energy	solutions	on	small	and	large-scale	as	necessary,	thematic	and	on-
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Figure 5: Interconnectedness of System Reactions
The	 system	 reactions	 are	 interconnected	 as	 shown	 above	 in	 the	 diagram	 and	 together	
these	 result	 in	macro	 level	 system	 patterns	 as	 already	 described	 in	 the	 section	 above.	
When	gas	is	re-positioned	as	a	balancing	power	source	in	Energy	Valley	(‘pull’	of	system),	
then	 realizing	 an	 integrated	 fossil,	 renewable	 and	 gas	 energy	 system	 (‘differences’)	 is	
more	feasible.	This	allows	other	energy	carriers	to	be	seen	as	complementary	rather	than	
competitors	 (transforming	 interactions),	which	 in	 turn	 facilitates	open	 innovation	and	
collective	initiatives	as	‘coping	strategies’.	More	collaborative	and	integrated	approaches	
become	part	of	new	system	patterns.








Figure 6: System in System interconnections of Energy Developments





In	 the	 comparison	of	 the	 three	 levels,	 Energy	Valley,	 the	Netherlands	 and	 the	EU,	 the	
shifts	 in	 the	 contexts	 were	 similar,	 namely,	 the	 growing complexity and unpredictability	 of	
energy	system	developments	as	were	the	external drivers of change	(geo-politics,	financial	and	
euro	crises,	new	technological	advances,	energy	market	developments,	etc.).	Similarly,	in	
all	three	levels,	energy systems were embedded in larger socio-, political, economic and ecological systems.	








Valley’s	system	was	to	keep gas in the energy mix	whilst	the	EU	was	focussed	on	independence of 
external sources of fossil fuels	plus	its	commitment	to	climate change	resulted	in	a	strong	‘pull’	
towards	renewables.	At	the	same	time,	the	EU	had	a	diverse ‘energy system’ with	27	different	
Member	 States	 (MS)	 with	 their	 different	 infrastructures,	 energy	 sources	 and	 socio-
economic	 structures	 stemming	 from	 their	 different	 history	 and	 geography.	 In	 Energy	
Valley	on	the	other	hand,	whilst	regional	differences	were	present,	national economic frame 
and policies were dominant.	
A	common	system	development	in	all	three	levels	was	the	acknowledgement	of	a	need for 
collective commitments	to	build	multi-disciplinary	competences,	cross-sector	and	new	value	
chain	 innovations,	new	business	 and	governance	models,	 and	more	 trans-regional	 and	
international	 collaborations	 to	meet	 the	new	and	 complex	 challenges	of	 energy.	There	
were	more	 visible	 coordination	 and	 connections	 in	 energy	 infrastructure	 and	markets	
in	all	levels,	more	and	different	alliances	and	collaborations,	new	governance	structures,	
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4.6 Implications for end states and energy futures
The	 system	of	Energy	Valley	 at	 the	beginning	of	 the	 analysis	 showed	how	gas	was	 the	
dominant	factor	 in	the	system	and	how	the	stakeholders,	strategies	and	solutions	were	











4.6.1 Contextual factors, system behaviour and end states





and	 can	 contribute	 or	 limit	 end	 state	 developments.	 The	 considerations	 have	 been	
categorized	under	 their	 respective	headings	of	 contextual	 factors,	 system	reactions	and	
system	in	systems.
Contextual factors and end states





Box 1: Elaboration on role of contextual factors
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Box 2: Elaboration on system reactions
Interconnectedness	and	unpredictability	of	‘other’	factors	increases	the	urgency	to	engage	
and	 include	 stakeholders	outside	of	 energy	 in	developments	 to	expand	 the	perspective	
and	scope	of	strategy	frameworks	of	energy	clusters.	
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•	 Connections	(especially	to	outside	the	‘normal’)	as	opposed	to	fragmentation	and	‘silos’	
are	vital	to	break	down	‘lock-in’	risks	and	to	make	an	energy	system	more	resilient:	








	- Includes	 open	 innovation,	 international,	 interdisciplinary,	 inter-sectorial,	
consumer	involvement,	focus	on	variety,	etc.
	- Government’s	 role	 in	 facilitating	 ecosystems	 including	 capacity	 building	 and	
knowledge	development	to	support	knowledge	acceleration	and	excellence.
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Box 3: Elaboration of system in system
•	 Local	 energy	 systems	 are	 connected	 to	 EU	 systems	 and	 this	 offers	 opportunities	 to	
connect	and	tap	into	competences,	resources,	energy	sources,	to	increase	scope,	scale	
and	 capabilities	 to	 accelerate	 energy	 system	developments	 locally	but	 it	 also	works	
both	ways	and	offers	national	and	EU	level	 systems	opportunities	 to	accelerate	and	
influence	their	preferred	energy	developments.
•	 On	a	systemic	 level,	being	aware	and	connecting	to	other	systems’	developments	 is	
an	opportunity	for	growth,	visibility	and	influence	and	at	the	same	time,	it	increases	
complexity	and	unpredictability	of	end	state	pathways.









89 CONTExTuAL AND SYSTEmIC FOrCES IN ENErGY VALLEY,  ThE NEThErLANDS
























by	 the	 interaction	 of	 contextual	 factors	 and	 system	 reactions.	 And	 end	 states	 of	 local	
systems	feed	into	higher-level	end	states,	which	in	turn	are	affected	by	contextual	factors	




and	 supporting	 factors	 towards	 end	 states.	 In	 addition,	 as	mentioned	 in	 the	 system	 in	
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4.6.3 Implications for Big Picture - 3 End states
Potential	 limiting	 factors	 as	 ‘risks’	 have	 been	 identified	 below	 for	 the	 end	 states,	
particularly	from	the	EU	perspective,	to	illustrate	key	contextual	and	systemic	factors	that	
could	affect	pathways	to	energy	end	state	scenarios.
•	 Risk of underestimation of ‘system reactions’	as	energy	systems	are	not	technology	
systems	but	social	systems
	- System	reactions	on	unexpected	incidents	such	as	nuclear	disasters,	shale	gas	risks,	




	- Micro	 level	 system	 reactions	 on	 price	 developments,	 ecological	 damage,	 push	
for	 autonomy	 and	 self-sufficiency,	 etc.,	 as	 seen	 in	 the	 ‘prosumer’	 and	 green	
movements,	 decentralized	 energy	 systems	 and	 emergence	 of	 small	 innovative	
firms.
 End States:	Larger	risk	in	BAU,	less	risk	in	GAS,	and	least	in	RES.




Union’	 vision	 of	 secure,	 sustainable,	 competitive,	 affordable	 energy	 for	 every	
European.
	- EU’s	 ambitions	 translate	 to	 national	 and	 regional	 regulations,	 for	 example,	
renewed	focus	on	North	Sea	Grid	to	reduce	Russian	gas	supply	dependence.	
	- European	 Union’s	 innovation	 policy	 and	 funding	 programmes	 focus	 on	
strengthening	 regions	 and	 clusters	 to	 increase	 competitiveness	 of	 small	 and	
medium	businesses,	particularly	 in	new	emerging	 industries.	Energy	efficiency,	




•	 Lock-in risk due to current dominance of fossil fuels
	- Assumption	 of	 abundant	 fossil	 fuels	 (gas	 in	GAS	 scenario),	 power	 of	 fossil	 fuel	
corporations,	 short-term	 thinking	 and	growth	of	 energy	needs	 results	 in	more	
exploration,	 more	 infrastructure	 for	 fossil	 and	 non-fossil,	 more	 expertise,	 etc.	
(more	of	same	=	lock-in).
	- Underutilization	 of	 ‘other	 solutions’	 (as	 in	 RES	 scenario),	 cross-sectoral,	 cross-
disciplinary	open	innovation	developments.	
End States:	BAU	and	GAS	have	largest	risk,	RES	least.
91 CONTExTuAL AND SYSTEmIC FOrCES IN ENErGY VALLEY,  ThE NEThErLANDS
The	table	below	captures	the	risks	with	a	brief	explanation	for	EU	end	states.
Key risks risk for BAu risk for GAS risk for rES
underestimation of 
‘system reactions’
++ + - -
Short-term thinking particularly in BAU scenario makes it more 
vulnerable
In RES, variety of stakeholders including demand-side innovative firms, 
NGOs and consumers reduce tunnel vision and increase flexibility of 
system.
miscalculation of 
role of governments 
and regulations
++ + - -
Current dominance, lobby and short-term thinking of fossil fuel industry 
feeds into optimism of continued influence and lack of alternatives for 
current scenarios on the short-run
National sovereignty still dominant in EU and fossil fuel industry have 
powerful positions




Similar to ‘role of government’ risk
Current dominance and power of fossil industry and a lack of 
alternatives strengthen search of solutions in ‘known’ RES are 
dependent on new innovation and therefore less risk of lock-in
Table 1: Implications of Risks for End States shift
4.7 Key findings 
General













Note: The ‘Contextual and Systemic Forces in Energy Valley’ analysis was based on a PhD research project 
focussing on energy cluster dynamics that overlapped the study of ‘end states’ in the context of Energy Valley. 
Drs. Karel van Berkel was part of the research team contributing to the study. (Expected completion of PhD 
thesis, 2015).
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